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QRQOLQHDULWLHV RI 5) SURSDJDWLRQ ,Q WKLV DSSURDFK WZR GLVWLQFW IUHTXHQF\ EDQGV ZKLFK KROG GLIIHUHQW 3' LQIRUPDWLRQ DUH
H[SORLWHG3'ORFDWLRQIHDWXUHVDUHH[WUDFWHGIURPWKHPDLQ3'VLJQDODQGWKHWZRVXEEDQGVLJQDOV&RUUHODWLRQEDVHGIHDWXUH
VHOHFWLRQ&)6LVHPSOR\HGIRUIHDWXUHVHOHFWLRQDQGGLPHQVLRQDOLW\UHGXFWLRQ([SHULPHQWDOUHVXOWVVKRZWKDW3'ORFDWLRQFDQ
EHLQIHUUHGIURPWKHIHDWXUHVRIWKH3'SXOVHV7KHDSSOLFDWLRQRI&)6WR3'GDWDUHGXFHVWKHPHPRU\FRPSXWDWLRQDOGHPDQG
DQGLPSURYHVORFDOLVDWLRQDFFXUDF\
௑,QWURGXFWLRQ
3DUWLDOGLVFKDUJH3'LVDUHVXOWRIHOHFWULFDOLQVXODWLRQEUHDNGRZQ
LUUHVSHFWLYH RI WKH FDXVDO PHFKDQLVP 3' DFWLYLW\ LV JHQHUDOO\
DFFHSWHGDVDSUHGRPLQDQWFDXVHIRUIXUWKHULQVXODWLRQGHJUDGDWLRQ
ZKLFKPD\HYHQWXDOO\ OHDG WRFDWDVWURSKLF IDLOXUHRI WKHHOHFWULFDO
HTXLSPHQWZLWKVHYHUHVRFLDODQGHFRQRPLFFRQVHTXHQFHV>@,W
LV WKHUHIRUH LPSHUDWLYHWKDW3'LVGHWHFWHGDQGORFDWHGDW LWVHDUO\
VWDJHVWRSHUPLWUHSDLUUHSODFHPHQWSULRUWRWRWDOIDLOXUH
3' ORFDOLVDWLRQ PHWKRGV DUH EDVHG RQ PHDVXUHPHQW DQG
DQDO\VLVRIWKH3'SXOVHV7KHUDGLRIUHTXHQF\5)EDVHGPHWKRGV
H[SORLWWKHFKDUDFWHULVWLFVRIHOHFWURPDJQHWLFZDYHV>@HPDQDWLQJ
IURPWKHGLVFKDUJHVLWHWRLQIHULWVORFDWLRQ>±@0XFKRIWKHZRUN
GRQH LQ WKLV DUHD IRFXVHGRQ WKHXVHRI WLPHGLIIHUHQFHRI DUULYDO
7'R$ >@ GLUHFWLRQ RI DUULYDO 'R$ >@ DQG UHFHLYHG VLJQDO
VWUHQJWK566>@JDWKHUHGDWPXOWLSOHUHFHLYHUVWRWULDQJXODWHWKH
3' ORFDWLRQ 5) 3' VRXUFH ORFDWLRQ KDV EHHQ LPSOHPHQWHG XVLQJ
7'R$ PHDVXUHPHQW > ±@ $ QXPEHU RI VSDWLDOO\ VHSDUDWHG
DQWHQQDV DUH XVHG WR SLFN XS WKH 5) VLJQDOV ,W LV DVVXPHG WKH
VLJQDOV GLPLQLVK ZLWK GLVWDQFH IURP WKH RULJLQ RI WKH 3' 7KH
UHFHLYHGVLJQDOVDUHFURVVFRUUHODWHGWR\LHOG WKH7'R$RI WKH3'
VLJQDO DW HDFK DQWHQQD DQG WKHVH 7'R$ DUH XVHG WR HVWLPDWH WKH
ORFDWLRQ RI WKH 3' VRXUFH 7'R$ UHTXLUHV DFFXUDWH
V\QFKURQLVDWLRQ PDNLQJ LW FRPSXWDWLRQDOO\ FRPSOH[ DQG HQHUJ\
KXQJU\ KHQFH QRW SRVVLEOH WR GHSOR\ IRU FRQWLQXRXV PRQLWRULQJ
DQG ORFDOLVDWLRQ RI 3' 'R$ PHDVXUHPHQW KDV DOVR EHHQ
VXFFHVVIXOO\ XVHG WR ORFDWH 3' VRXUFHV > @ ,Q WKLV PHWKRG
GLUHFWLRQDODQWHQQDDUUD\VDUHXVHGWRHVWLPDWHWKH'R$RIWKH5)
VLJQDOV WKDW SURSDJDWH IURP WKH GLVFKDUJH JHQHUDWLQJ GHIHFW 7KH
ORFDWLRQ RI WKH 3' VRXUFH LV WKHQ GHWHUPLQHG E\ VROYLQJ WKH WZR
LQWHUVHFWLQJOLQHVGHILQHGE\WKH'R$V$VHDUOLHUPHQWLRQHG'R$
UHTXLUHVDQDUUD\RIGLUHFWLRQDODQWHQQDVDQGUHOLHVRQOLQHRIVLJKW
SDWK'R$EULQJVH[WUDFRPSXWDWLRQDOFRVW%RWK7'R$DQG'R$
DUHVHHQDVXQHFRQRPLFEHFDXVHWKH\UHTXLUHDGGLWLRQDOKDUGZDUH
566 WULDQJXODWLRQ DSSURDFK UHTXLUHV GHWDLOHG PRGHOV RI 5)
SURSDJDWLRQ DQG GRHV QRW DFFRXQW IRU H[LVWLQJ YDULDWLRQ ,W LV
SUDFWLFDOO\ LPSRVVLEOH WR LPSOHPHQW LQ VLWXDWLRQV ZKHUH WKH
WUDQVPLWSRZHULVXQNQRZQZKLFKLVWKHFDVHXQGHUVWXG\
$Q DOWHUQDWLYH DSSURDFK LV WR XVH HPSLULFDO PHDVXUHPHQWV RI
UHFHLYHG5)VLJQDOV WRLQIHU3'ORFDWLRQ%\UHFRUGLQJDGDWDEDVH
RI3'µVLJQDWXUHV¶DORQJZLWKWKHLUNQRZQORFDWLRQVD3'ORFDWLRQ
FDQEHGHWHUPLQHGE\DFTXLULQJLWVVLJQDWXUHDQGFRPSDULQJLWZLWK
WKHNQRZQVLJQDWXUHVLQWKHGDWDEDVH7KHSDWWHUQPDWFKLQJVFKHPH
LVFRQVLGHUHGDVDORZFRVWORZFRPSOH[LW\WHFKQLTXHFRPSDUHGWR
WKRVHEDVHGRQGLVWDQFHDQJOHHVWLPDWLRQ>@,QVWHDGRIH[SORLWLQJ
VLJQDO WLPLQJ RU GLUHFWLRQ LW UHOLHV RQ VLJQDO VWUXFWXUH
FKDUDFWHULVWLFV ,W WXUQV WKH PXOWLSDWK SKHQRPHQRQ WR VXUSULVLQJO\
JRRG XVH E\ FRPELQLQJ WKH PXOWLSDWK SDWWHUQ ZLWK RWKHU VLJQDO
FKDUDFWHULVWLFVLWFUHDWHVDVLJQDWXUHXQLTXHWRDJLYHQORFDWLRQ
:H SURSRVH WR GHSOR\ D QHWZRUN RI ORZ FRVW RIIWKHVKHOI
FRPPHUFLDO UDGLR VHQVRUV LQ D PDWUL[ IRUP 7KH ORZ FRVW RI WKH
SURSRVHG VROXWLRQ DOORZV D PRQLWRULQJ V\VWHP WR EH SHUPDQHQWO\
GHSOR\HGDQGWKXVFRQWLQXRXVO\PRQLWRUWKHVXEVWDWLRQLQUHDOWLPH
,QWKHSURSRVHGDSSURDFKVHQVRUQRGHVHPLWDQHPXODWHG3'VLJQDO
LQ D URXQG URELQ IDVKLRQ$OORWKHUQRGHVPRQLWRU WKHVH HPXODWHG
VLJQDOV DOORZLQJ WKH FUHDWLRQ RI D GDWDEDVH ZLWK D PDS RI VSDWLDO
SURSDJDWLRQ FKDUDFWHULVWLFV DFURVV WKH VXEVWDWLRQ 7KH GDWDEDVH LV
LQWHUSRODWHGDQGFDQEHXVHGWRHVWLPDWHWKHWUXHORFDWLRQRI3',Q
WKLVPDQQHURXUPRGHORIWKHUDGLRHQYLURQPHQWLVKLJKO\WXQHGWR
WKH LQGLYLGXDO FKDUDFWHULVWLFV RI WKH VXEVWDWLRQ VLWH )UHTXHQW
UHWXQLQJ FDQ EH VFKHGXOHG DW UHJXODU LQWHUYDOV VXFK WKDW DQ\
FKDQJHV WR VXEVWDWLRQ WRSRJUDSK\ FDQ EH LQFRUSRUDWHG LQWR DQ
XSGDWHGPRGHO
7KLV ZRUN LV DLPHG DW LQYHVWLJDWLQJ WKH SODXVLELOLW\ RI XVLQJ
SXUHO\5)UHFHLYHGVLJQDOVIHDWXUHVRI3'SXOVHVWRGHWHUPLQH3'
ORFDWLRQ,QRXUSUHYLRXVZRUN>@ZHREWDLQHGJRRGUHVXOWVXVLQJ
UDWLRVRI566DV3'IHDWXUHVKRZHYHUE\H[SORLWLQJWKHIUHTXHQF\
VHOHFWLYH QDWXUH RI PXOWLSDWK SURSDJDWLRQ DGGLWLRQDO 3' IHDWXUHV
FDQEHH[WUDFWHGIURP5)VLJQDOVWRLPSURYH3'ORFDWLRQHUURUDQG
WKHVH DGGLWLRQDO IHDWXUHV DUH LQFOXGHG LQ WKLV ZRUN )XUWKHUPRUH
GXH WR WKH KLJK GLPHQVLRQDOLW\ RI WKH IHDWXUHV H[WUDFWHG LQ WKLV
ZRUNFRUUHODWLRQEDVHGIHDWXUHVHOHFWLRQ&)6DOJRULWKP>@
LVHPSOR\HG WRVHOHFW WKHEHVWSRVVLEOHVHWRI IHDWXUHV WKDWZLOOEH
XVHGLQWKHORFDOLVDWLRQSURFHVVWRHQKDQFHDFFXUDF\ZKLOHUHGXFLQJ
FRPSXWDWLRQDO FRVW 7KH REWDLQHG UHVXOWV DUH TXLWH HQFRXUDJLQJ
:LWKKLJKSUREDELOLW\RXUV\VWHPLVDEOHWRHVWLPDWH3'ORFDWLRQRI
DVLQJOHVRXUFH WRZLWKLQD IHZPHWUHVRI LWVDFWXDO ORFDWLRQ7KLV
VXJJHVWV WKDW DQ DXWRQRPRXV DQG HIILFLHQW VXEVWDWLRQZLGH 5)
EDVHGPRQLWRULQJV\VWHPFDQEHEXLOWDWORZFRVW
7KHUHPDLQGHURI WKLVSDSHU LVVWUXFWXUHGDVIROORZV6HFWLRQ
SUHVHQWV WKH H[SHULPHQWDO SURFHGXUH DQG DGGUHVVHV WKH IHDWXUH
H[WUDFWLRQ SURFHGXUH ,Q 6HFWLRQ  D GHVFULSWLRQ RI WKH H[WUDFWHG
+LJK9ROW
7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7DQG&(35,XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ1RQ&RPPHUFLDO1R'HULYV/LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\QFQG

IHDWXUHV DV D IXQFWLRQ RI ORFDWLRQ DQG ORFDOLVDWLRQ DOJRULWKP LV
SUHVHQWHG 7KH H[SHULPHQWDO UHVXOWV DUH GLVFXVVHG LQ 6HFWLRQ 
)LQDOO\WKHFRQFOXGLQJUHPDUNVDUHVWDWHGLQ6HFWLRQ
௑([SHULPHQWDOSURFHGXUH
'DWDDFTXLVLWLRQ
7KHH[SHULPHQWZDVFRQGXFWHG LQD(?î(?P ODERUDWRU\DW
WKH8QLYHUVLW\RI6WUDWKFO\GH7KHODERUDWRU\FRQWDLQHGDJUHDWGHDO
RIFOXWWHULQFOXGLQJPHWDOOLFREMHFWV$OWKRXJKZHGRQRWFODLPWKDW
WKH UDGLR HQYLURQPHQW LV UHSUHVHQWDWLYH RI D W\SLFDO VXEVWDWLRQ LI
WKHUHLVVXFKDWKLQJQRQHWKHOHVVWKHSUHVHQFHRIFOXWWHUHWFJLYHV
ULVHWRDFRPSOH[PXOWLSDWKULFKSURSDJDWLRQHQYLURQPHQW$(팀m(?
î(?(팀m JULG ZDV FRQVWUXFWHG LQ WKH IORRU RI WKH ODERUDWRU\ (?î(?
SRLQWV DQG PHDVXUHPHQWV FROOHFWHG DW HDFK RI WKH  JULG
LQWHUVHFWLRQ SRLQWV ZKLFK UHSUHVHQW NQRZQ WUDLQLQJ GDWDVHW
$QRWKHUGDWDVHWZDVFROOHFWHG IURPGLIIHUHQWSRLQWVZLWKLQ WKH
VDPHODERUDWRU\UHIHUUHGWRKHUHLQDVWHVWGDWDVHWDQGLVXVHGWRWHVW
WKH SHUIRUPDQFH RI WKH ORFDOLVDWLRQ DOJRULWKP DIWHU WUDLQLQJ 7KH
OD\RXW RI WKH PHDVXUHPHQW VSDFH LV DV VKRZQ LQ )LJ  3XOVH
HPXODWHG 3' VRXUFHV ZHUH VHW XS XVLQJ D SLFRVHFRQG SXOVH
JHQHUDWRUDQG3'SXOVHVJHQHUDWHGDWHDFKORFDWLRQLQWKHJULG
7KH5)PHDVXUHPHQWVZHUHPDGHXVLQJ WKUHHPRQRSROHDQWHQQDV
FRQQHFWHG WR D KLJKVSHHG PXOWLFKDQQHO RVFLOORVFRSH 7KH
RVFLOORVFRSH KDV D EDQGZLGWK RI XS WR (팀G+] KRZHYHU IRU WKH
SXUSRVHRI WKLVZRUN WKH UHFHLYHG5)VLJQDOVZHUH VDPSOHGDW(?
*6DV$VDPSOHZDYHIRUPRIWKH3'SXOVHLVDVVKRZQLQ)LJ
)HDWXUHJHQHUDWLRQDQGVHOHFWLRQ
,Q SUHYLRXV ZRUN >@ ZH KDYH H[DPLQHG WKH SRWHQWLDO RI UHODWLYH
566VLQFH3'ZLOOEHRIXQNQRZQPDJQLWXGHWRLQIHUORFDWLRQ,Q
WKLV ZRUN ZH DGGLWLRQDOO\ H[SORLW WKH NQRZOHGJH WKDW PXOWLSDWK
HIIHFWVZLOO LQIOXHQFH WKHGHOD\VSUHDGWLPHGXUDWLRQRIDVLJQDO
DQG WKLV LQ WXUQ FDQ SURYLGH LQIRUPDWLRQ RQ WKH ORFDWLRQ RI WKH
VRXUFH)XUWKHUPRUHPXOWLSDWKLVKLJKO\IUHTXHQF\VHOHFWLYHDQGVR
WKH UDWLR RI VSHFLILF IUHTXHQF\ FRPSRQHQWV ZLOO DOVR \LHOG XVHIXO
LQIRUPDWLRQ 7KH XVH RI UHODWLYH IUHTXHQF\ PHDVXUHV ZLOO DFFRXQW
IRU WKHGLIIHUHQW IUHTXHQF\FRPSRQHQWV LQKHUHQW LQGLIIHUHQW W\SHV
RI 3' (DFK RI WKHVH VLJQDO SURSHUWLHV UHSUHVHQWV D IHDWXUH 7KH
IHDWXUHV FRQVLGHUHG LQ WKLVSDSHU IRU3' ORFDWLRQDUH DV VKRZQ LQ
7DEOH  %\ ZD\ RI H[SODQDWLRQ WKH 506 IHDWXUH UHSUHVHQWV WKH
UDWLR RI 506 YDOXHV DFURVV UHFHLYLQJ DQWHQQD SDLUV UDWKHU WKDQ
DEVROXWH506YDOXHV7KHVHIHDWXUHVDUHFRPSXWHGIURP3'SXOVH
ZDYHIRUP ,QWXLWLYHO\ WKHGHULYDWLRQDQGXVHRI WKHVH IHDWXUHV IRU
3'ORFDWLRQDUHEDVHGRQWKHIDFWWKDWDQ\GLVFKDUJHHYHQWSURGXFHV
5) VLJQDO WKDW ZLOO SURSDJDWH DV WUDYHOOLQJ ZDYH WKURXJK WKH
HQYLURQPHQW$VD UHVXOW WKH UDGLDWHGVLJQDODPSOLWXGHDQGVKDSH
DUH PRGLILHG E\ WKH SURSDJDWLRQ HQYLURQPHQW EHWZHHQ WKH 3'
VRXUFH DQG WKH UHFHLYLQJ DQWHQQDV GXH WR SDWK ORVV DWWHQXDWLRQ
VLJQDO VKDGRZLQJ DQG PXOWLSDWK HIIHFW 7KHVH HIIHFWV PD\ YDU\
TXLWH PDUNHGO\ ZLWKLQ DQ HOHFWULFLW\ VXEVWDWLRQ OHDGLQJ WR WKH
XQLTXHQHVVRIWKHVLJQDOWRWKHORFDWLRQRIPHDVXUHPHQW7KHQDWXUH
RIWKHUHFHLYHG3'SXOVHVXJJHVWVWKDWPDQLSXODWLQJWKHDPSOLWXGH
DQGSHDNVRI WKH VLJQDOVFDQSURYLGHD ULFKGDWDEDVH IRU LQIHUULQJ
3'ORFDWLRQ7KHUHFHLYHG3'VLJQDO LVQRWRQO\DIXQFWLRQRI WKH
VRXUFH EXW DOVR WKH PHDVXULQJ GHYLFH :LWK WKH UHVSRQVH RI WKH
PHDVXULQJ GHYLFH NQRZQ PRUH FKDUDFWHULVWLFV RI WKH VLJQDOV DW
GHILQHGLQWHUYDOVPD\EHH[SORUHGDQGXVHGIRUORFDOLVDWLRQ
7KH 3' GDWD DUH FROOHFWHG XVLQJ WKUHH LGHQWLFDO PRQRSROH
DQWHQQDV 7KH IUHTXHQF\ UHVSRQVH RI WKH DQWHQQD SURGXFHV WZR
SHDNVDWDQG(팀M+]UHVSHFWLYHO\DVVKRZQLQ)LJ
7KHVHSHDNVLQGLFDWHWKHUHJLRQVZKHUHPRVWRIWKHLQIRUPDWLRQ
DERXW WKH GLVFKDUJH DUH FDSWXUHG %DVHG RQ WKH LQIRUPDWLRQ IURP
WKHIUHTXHQF\UHVSRQVH WZREDQGSDVVILOWHUVDUHGHVLJQHG WRILOWHU
WKH 3' VLJQDOV LQ WKHVH UHJLRQV IRU PRUH LQIRUPDWLRQ 7KH FHQWUH
IUHTXHQFLHVRIWKHILOWHUVFRUUHVSRQGLQJWRWKHSHDNVREVHUYHGIURP
WKH IUHTXHQF\ UHVSRQVH 7KH XSSHU DQG WKH ORZHU FXWRII
IUHTXHQFLHV DUH  DQG (팀M+] IRU EDQG  DQG  DQG
(팀M+] IRU EDQG  WKHVH FRUUHVSRQG ZLWK WKH (팀d% SRLQW RI
HDFKSHDN7KLVSURYLGHVXVZLWKWZRPRUHGLVWLQFW3'VXEVLJQDOV
DVVKRZQLQ)LJIRUDQDO\VLV
(DFK RI WKH REVHUYHG UDGLR FKDUDFWHULVWLFV IRU HDFK DQWHQQD
SURGXFHVIHDWXUHVPDNLQJ LWD WRWDORIIHDWXUHVIRU WKH WKUHH
DQWHQQDV7KHUHLVDWUDGHRIIEHWZHHQWKHQXPEHURIIHDWXUHVXVHG
DV LQSXWV WR D PDFKLQH OHDUQLQJ DOJRULWKP DQG SHUIRUPDQFH $
GHOLFDWH EDODQFH PXVW EH DFKLHYHG EHWZHHQ WRR IHZ IHDWXUHV
LQVXIILFLHQW LQIRUPDWLRQ OHDGLQJ WR XQGHU ILWWLQJ DQG WRR PDQ\
IHDWXUHV WKH FXUVH RI GLPHQVLRQDOLW\ 0RUHRYHU WKH YDULRXV
)LJ௒*ULGIRUDPHDVXUHPHQWFDPSDLJQ

)LJ௒5HFRUGHG3'VLJQDO

7DEOH(? 3'WLPHGRPDLQIHDWXUHV
61R )HDWXUHSDUDPHWHU
 LPSXOVHIDFWRU,)
 YDULDQFH9$5
 URRWPHDQVTXDUHG506
 DUHDXQGHUWKHZDYHIRUP$
 SHDNWRSHDNYDOXH339

)LJ௒)UHTXHQF\UHVSRQVHRIWKHDQWHQQD

)LJ௒%DQGSDVVILOWHUHG3'VLJQDOV

 +LJK9ROW
7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7DQG&(35,XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ1RQ&RPPHUFLDO1R'HULYV/LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\QFQG
IHDWXUHVDUHRIWHQFRUUHODWHGWZRIHDWXUHVPD\EHKLJKO\FRUUHODWHG
ZLWK WKH RXWSXW EXW DOVR ZLWK HDFK RWKHU KHQFH SURYLGLQJ OLWWOH
DGGLWLRQDO LQIRUPDWLRQ $FFRUGLQJO\ ZH VHHN WR WUDQVIRUP RXU
RULJLQDO IHDWXUHV VHW WR D SRWHQWLDOO\ VPDOOHU VHW RI GHFRUUHODWHG
IHDWXUHVXVLQJ&)6DOJRULWKP&)6LVEDVHGRQFRUUHODWLRQZKLFKLV
DVLPLODULW\PHDVXUHEHWZHHQWZRUDQGRPYDULDEOHV7ZRYDULDEOHV
DUHVDLGWREHOLQHDUO\GHSHQGHQWZKHQWKHLUFRUUHODWLRQFRHIILFLHQW
LV  DQG XQFRUUHODWHG ZKHQ WKH FRUUHODWLRQ FRHIILFLHQW LV 
*HQHUDOO\ LQ&)6 WKHPXWXDO FRUUHODWLRQVRI DOO IHDWXUHSDLUV DUH
HYDOXDWHGDQGWKHIHDWXUHZLWKWKHKLJKHVWDYHUDJHDEVROXWHPXWXDO
FRUUHODWLRQLVUHPRYHGDWHDFKLWHUDWLRQVWHSRIWKHDOJRULWKP>@
+RZHYHU LQ WKLV SDSHU ZH GHYHORS D QHZ IHDWXUH VHOHFWLRQ
FULWHULRQIRUWKH&)6DOJRULWKP,QVWHDGRIUHPRYLQJIHDWXUHVZLWK
WKH KLJKHVW DYHUDJH FRUUHODWLRQ DW HDFK LWHUDWLRQ VWHS RI WKH
VHOHFWLRQ DOJRULWKP ZH ILUVW SLFN IHDWXUHV ZLWK KLJKHU FRUUHODWLRQ
DQGWKHQDPRQJWKHPGLVFDUGWKHIHDWXUHZLWKWKHKLJKHVWDYHUDJH
PXWXDOFRUUHODWLRQ)RUH[DPSOHLIWZRIHDWXUHVKDYHDFRUUHODWLRQ
RIEHWZHHQWKHPZHGLVFDUGWKHIHDWXUHZLWKWKHKLJKHVWDYHUDJH
FRUUHODWLRQDQGNHHSWKHRWKHU:KHQDIHDWXUHLVUHPRYHGIURPWKH
IHDWXUH VHW LW LV DOVR GLVFDUGHG IURP WKH UHPDLQLQJ DYHUDJH
FRUUHODWLRQ 7KLV FRQWLQXHV XQWLO DYHUDJH DEVROXWH PXWXDO
FRUUHODWLRQRI DOO UHPDLQLQJ IHDWXUH LV OHVV WKDQ7KH UHVXOWLQJ
IHDWXUH PDWUL[ IURP WKH &)6 DOJRULWKP LV WKH RSWLPDO ORZHU
GLPHQVLRQDO VXEVHW IURP WKH RULJLQDO IHDWXUH VHW 7KLV PHWKRG LV
DSSOLHG WR WKH 3' IHDWXUH GDWD IRU IHDWXUH VHOHFWLRQ 7KH UHVXOW
EULQJVWKHWRWDOQXPEHURIIHDWXUHVIURPWKHWKUHHDQWHQQDVXVHGIRU
ORFDOLVDWLRQ IURP  WR  7KH QLQH EHVW IHDWXUHV VHOHFWHG E\ WKH
DOJRULWKPDUH WKHDUHDXQGHU WKHFXUYHRI VXEEDQG VXEEDQG
DQG WKH EURDGEDQG VLJQDO RQ HDFK RI WKUHH DQWHQQDV LH HDFK
DQWHQQDSURGXFHVWKUHHIHDWXUHVLQWKHWZRVXEEDQGVDQGWKHPDLQ
VLJQDOIRUDSDUWLFXODUVLJQDO
௑3'ORFDWLRQEDVHGRQH[WUDFWHGIHDWXUHV
7KLVZRUN LVEDVHGRQ WKHSUHPLVH WKDW WKH&)6VHOHFWHG IHDWXUHV
SURYLGH PHDQLQJIXO LQIRUPDWLRQ IRU LQIHUULQJ 3' ORFDWLRQ 7R
GHPRQVWUDWHWKDWWKLVLVDUHDVRQDEOHSUHPLVH)LJVD±HVKRZWKH
PDSVRIKRZWKH3'IHDWXUHVLPSXOVHIDFWRUYDULDQFHURRWPHDQ
VTXDUHSHDNWRSHDNYDOXHDQGDUHDXQGHUZDYHIRUPPHDVXUHGDW
HDFKRIWKHWKUHHUHFHLYLQJVHQVRUVYDU\ZLWKORFDWLRQ
8QVXUSULVLQJO\ WKHYDOXHVPHDVXUHGFORVHU WRD3'VRXUFHDUH
VWURQJHU WKDQ WKH RQHV UHFHLYHG IURP D GLVWDQFH 7KH HIIHFW RI
PXOWLSDWK DQG VLJQDO GLVWRUWLRQV DGG WR WKH XQLTXH VLJQDWXUHV
FUHDWHG DW GLIIHUHQW ORFDWLRQV 7KH VSDWLDO PDS VKRZV D FOHDU
FRUUHODWLRQEHWZHHQWKHIHDWXUHVDQGGLVWLQFWLYH3'ORFDWLRQV7KLV
XQLTXHVSDWLDOSDWWHUQLVDQLQGLFDWLRQWKDWWKHVHOHFWHGIHDWXUHVDUH
LQIRUPDWLYHDQGFDQEHXVHGWRLQIHU3'ORFDWLRQE\PDWFKLQJWKH
SDWWHUQV )LJ  VKRZV WKH DUFKLWHFWXUH RI WKH SDWWHUQ PDWFKLQJ
WHFKQLTXHIRU3'ORFDWLRQ,WVKRXOGEHQRWHGWKDWLQWKLVVWXG\WKH
)LJ௒6SDWLDOSDWWHUQIRU
D9DULDQFHE,PSXOVHIDFWRUF3HDNWRSHDNYDOXHG506H$UHDRIUHFHLYHG3'SXOVH

+LJK9ROW
7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7DQG&(35,XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ1RQ&RPPHUFLDO1R'HULYV/LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\QFQG

3'HYHQWVZHUHJHQHUDWHGZLWKDSXOVHJHQHUDWRUWRHQVXUHWKDWWKH
HPXODWHG3'WUDFHVDUHLGHQWLFDOIRUHDFKORFDWLRQDQGUHSHWLWLYH,Q
SUDFWLFDO UHDOLW\ ZKHUH GLIIHUHQW VRXUFHV RI 3' JHQHUDWH GLIIHUHQW
VKDSHV DQG DPSOLWXGHV WKH DEVROXWH YDOXHV RI WKH IHDWXUHV GLIIHU
VLJQLILFDQWO\DFURVV3'W\SHV5REXVW3'ORFDWLRQIHDWXUHVFDQEH
UHFRQVWUXFWHGDVUDWLRVRIWKHIHDWXUHVRQHDFKDQWHQQDORFDWLRQ
.QHDUHVWQHLJKERXU.11UHJUHVVLRQ
.11 DOJRULWKP LV RQH RI WKH EHVWNQRZQ PDFKLQH OHDUQLQJ
DOJRULWKPV >@ )RU 3' ORFDWLRQ .11 LV FRQVLGHUHG DV D
UHJUHVVLRQ SUREOHP ZKLFK FRQVLVWV LQ PDSSLQJ 3' VLJQDO LQSXW
IHDWXUHVRQWRGXDORXWSXWUHSUHVHQWLQJ3'ORFDWLRQFRRUGLQDWHV7KH
LGHD RI .11 LV EDVHG RQ WKH DVVXPSWLRQ RI ORFDOLW\ LQ IHDWXUH
VSDFH
.11WUDLQLQJSKDVHFRQVWLWXWHVWKHFUHDWLRQRIDGDWDEDVHUDGLR
PDSZLWKUHIHUHQFH3'ORFDWLRQSDWWHUQVIHDWXUHVORFDWLRQ,QWKH
HVWLPDWLRQSKDVH WKHGLVWDQFHEHWZHHQWKHXQNQRZQ3'DQGHDFK
VWRUHGQHLJKERXULVFDOFXODWHGLQIHDWXUHVXEVSDFHXVLQJ(XFOLGHDQ
GLVWDQFH PHWULF DQG N QHDUHVW QHLJKERXUV WKRVH ZLWK WKH VKRUWHVW
GLVWDQFH DUH WDNHQ LQWR DFFRXQW 7KH XQNQRZQ 3' ORFDWLRQ
FRRUGLQDWH LV PRGHOOHG DV WKH DYHUDJH RI WKH FRRUGLQDWHV RI WKHN
QHDUHVWQHLJKERXUVWKXV
(x^, y^) = 1
k ∑
i = 1
k
(xi, yi) 
௑([SHULPHQWDOUHVXOWVDQGGLVFXVVLRQV
,QRUGHUWRYHULI\WKHXVHRIWLPHGRPDLQVWDWLVWLFDOIHDWXUHVWRLQIHU
3' ORFDWLRQ DQG WKH HIIHFWLYHQHVV RI &)6 LQ UHGXFLQJ
GLPHQVLRQDOLW\HQKDQFLQJ DFFXUDF\ DOO WKH 5) VLJQDO VDPSOHV
FROOHFWHGIRUHDFKRIWKH(?î(?(? (?FRPELQDWLRQVRI3'ORFDWLRQ
DQGVHQVRUVDVGHVFULEHGLQ6HFWLRQDUHXVHGWRWUDLQWKHSDWWHUQ
PDWFKLQJ DOJRULWKP 'XULQJ WKH WUDLQLQJ SKDVH 3' GDWD IURP
UHIHUHQFHORFDWLRQVNQRZQORFDWLRQVDUHXVHGDQGWKHDOJRULWKPLV
IHG WZR LQSXWV WKH 3' IHDWXUHV DQG WKHLU FRUUHVSRQGLQJ ORFDWLRQ
(DFK IHDWXUH ORFDWLRQ SDLU FRQVWLWXWH WUDLQLQJ GDWD SRLQW ,Q WKH
FDVHRI&)6EDVHGWHFKQLTXHLQVWHDGRIWKHJHQHUDWHGIHDWXUHVWKH
VHOHFWHGIHDWXUHVDUHXVHGLQWKHLQSXW7KHWUDLQLQJDOJRULWKPXVHG
WRHYDOXDWHWKHSHUIRUPDQFHRIXVLQJWLPHGRPDLQIHDWXUHVDQGWKH
HIIHFWRI&)6WHFKQLTXHLQLQIHUULQJ3'ORFDWLRQLV.11DOJRULWKP
GHVFULEHG LQ 6HFWLRQ  $Q\ RWKHU SDWWHUQ PDWFKLQJ DOJRULWKP
FRXOG EH XVHG KRZHYHU .11 ZDV FKRVHQ IRU LWV GLUHFW
DSSOLFDELOLW\ 7KH SUHGLFWHG ORFDWLRQ LV UHWXUQHG DV WKH DYHUDJH RI
WKH ORFDWLRQV RI WKH . QHDUHVW QHLJKERXUV 7KH FKRLFH RI N KDV D
VLJQLILFDQW LPSDFW RQ WKH ORFDOLVDWLRQ SHUIRUPDQFH RI .11 DQG
PXVW EH WXQHG DSSURSULDWHO\ ,Q WKLV SDSHU WKH KHXULVWLF RSWLPDO
QXPEHU RI QHDUHVW QHLJKERXUV LV REWDLQHG DV N(? (? XVLQJ FURVV
YDOLGDWLRQ>@
(QKDQFLQJORFDWLRQDFFXUDF\
7KHH[SHULPHQWDOUHVXOWVSURFHVVHGDWWHVW ORFDWLRQVEHIRUHDQG
DIWHUWKHDSSOLFDWLRQRI&)6WRWKH3'IHDWXUHVDUHSUHVHQWHG7KH
SHUIRUPDQFHLVHYDOXDWHGLQ WHUPVRIGLVWDQFHHUURUGHILQHGDV WKH
(XFOLGHDQGLVWDQFHEHWZHHQWKHHVWLPDWHGORFDWLRQDQGWKHWUXH3'
ORFDWLRQ)LJVKRZVWKHFXPXODWLYHHUURUGLVWULEXWLRQRIWKH.11
PRGHOEHIRUHDQGDIWHUWKHDSSOLFDWLRQRI&)6,QFRPSDULVRQWKH
ILJXUHFOHDUO\VKRZVWKDW.11DIWHU&)6.11&)6RXWSHUIRUPV
.11ZLWKRXW&)6,QWHUPVRIWKHPHDQGLVWDQFHHVWLPDWLRQHUURU
WKH3'ORFDWLRQDFFXUDF\DIWHUDSSO\LQJ&)6LV(팀mFRPSDUHGWR
(팀m ZLWKRXW &)6 0RUH VSHFLILFDOO\ WKH DSSOLFDWLRQ RI &)6
LPSURYHV WKH ORFDWLRQ DFFXUDF\ E\   DQG  LQ
WHUPV RI PHDQ HUURU WK DQG WK SHUFHQWLOH RI WKH HVWLPDWHG
ORFDWLRQ HUURU UHVSHFWLYHO\ 7KH VXPPDU\ RI UHVXOWV LV JLYHQ LQ
7DEOH  7KH UHVXOWV LQGLFDWH WKDW XVLQJ &)6 WR UHGXFH WKH
GLPHQVLRQRIWKHGDWDE\VHOHFWLQJXQFRUUHODWHG3'IHDWXUHVEHIRUH
OHDUQLQJ WKH PRGHO IRU 3' ORFDWLRQ LV EHWWHU WKDQ XVLQJ WKH
JHQHUDWHGIHDWXUHVGLUHFWO\
&RPSXWDWLRQDOFRPSOH[LW\
7KH 3' ORFDWLRQ V\VWHP FRQVLGHUHG LQ WKLV SDSHU LV FHQWUDOLVHG
ZKLFK PHDQV HDFK FRPSXWDWLRQ LV GRQH DW WKH VRFDOOHG FHQWUDO
VWDWLRQ .11 DOJRULWKP XVHG IRU ORFDWLRQ HVWLPDWLRQ VWRUHV DOO
WUDLQLQJVDPSOHVLQWKHUDGLRPDSDQGVHDUFKIRUQHDUHVWQHLJKERXUV
E\ FRPSDULQJ WKH GLVWDQFHV EHWZHHQ WKH WHVW GDWD DQG DOO WUDLQLQJ
GDWD6XSSRVHWKHUHDUHQWUDLQLQJVDPSOHVZLWKGLPHQVLRQGO(d)
LV WKHFRPSOH[LW\ WRFRPSXWH WKHGLVWDQFH WRRQH WUDLQLQJVDPSOH
O(nd) WR FRPSXWH GLVWDQFHV WR DOO WUDLQLQJ VDPSOHV ,Q DGGLWLRQ
WKHUHLVDFRPSOH[LW\RIO(nk)WRILQGNFORVHVWQHLJKERXUV,QWRWDO
.11JHQHUDWHVDFRPSOH[LW\RIO(nk + nd)7KLVFDQEHFRVWO\IRU
RXU DSSOLFDWLRQ ZLWK OLPLWHG UHVRXUFHV +RZHYHU ZLWK WKH
LQWHJUDWLRQ RI VLPSOH ORZ FRPSOH[LW\ &)6 DOJRULWKP LW FDQ EH
VHHQ IURP WKH UHVXOWV WKDW WKH VL]H RI WKH GDWD LV JUHDWO\ UHGXFHG
ZKLOHLPSURYLQJDFFXUDF\7KLVFDQEHH[SODLQHGE\WKHDELOLW\RI
&)6 WR LQWHOOLJHQWO\ VHOHFW XQFRUUHODWHG IHDWXUHV LQWR IHZHU
GLPHQVLRQV IRU PRGHO OHDUQLQJ 7KH LQLWLDO GLPHQVLRQ RI WKH 3'
IHDWXUHVVSDFH LV UHGXFHGE\ZKHQ&)6 LVDSSOLHG ,WFDQEH
FRQFOXGHG WKDW DSSO\LQJ &)6 UHGXFHV WKH FRPSXWDWLRQDO
UHTXLUHPHQWRI3'ORFDWLRQGHWHUPLQDWLRQLQJHQHUDO
௑&RQFOXVLRQV
$PHWKRGIRUORFDWLQJ3'VRXUFHVEDVHGRQWKHDSSOLFDWLRQRI&)6
WRUHFHLYHGUDGLRVLJQDOIHDWXUHVKDVEHHQGHVFULEHG%\H[DPLQLQJ
WKH IUHTXHQF\ UHVSRQVH RI WKH DQWHQQDV WZR GLVWLQFW IUHTXHQF\
EDQGV ZKLFK KROG GLIIHUHQW 3' LQIRUPDWLRQ EDVHG RQ WKH
NQRZOHGJHWKDWPXOWLSDWKSURSDJDWLRQLVIUHTXHQF\VHOHFWLYHZHUH
H[SORLWHG IRU PRUH 3' IHDWXUHV DQG LQWHJUDWHG IRU ILQJHUSULQWLQJ
7KLV SURYLGHV D ULFK GDWDEDVH IRU 3' ORFDOLVDWLRQ YLD SDWWHUQ
PDWFKLQJDOJRULWKP7KHSURSRVHGWHFKQLTXHILQGVDQHIIHFWLYHZD\
WR VHOHFW WKH PRVW LQIRUPDWLYH DQG GHFRUUHODWHG IHDWXUHV RI WKH
)LJ௒$UFKLWHFWXUHIRU3'SDWWHUQPDWFKLQJWHFKQLTXH

)LJ௒&')RIORFDOLVDWLRQHUURUEDVHGRQ3'RULJLQDOIHDWXUHVDQG&)6
VHOHFWHGIHDWXUHV

7DEOH(? 0RGHOORFDWLRQDFFXUDF\EHIRUHDQGDIWHUDSSO\LQJ
&)6
0HWKRG (UURULQORFDWLRQHVWLPDWHP
0HDQ WK WK
.11RULJLQDOIHDWXUHV   
DIWHUDSSO\LQJ&)6   
&)6LPSURYHPHQW   

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7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7DQG&(35,XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ1RQ&RPPHUFLDO1R'HULYV/LFHQVH
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JHQHUDWHG 3' GDWD EDVHG RQ FRUUHODWLRQ WKHRU\ VXFK WKDW WKH
GLPHQVLRQDOLW\ RI WKH IHDWXUH VSDFH LV UHGXFHG ZLWK LPSURYHG
DFFXUDF\SHUIRUPDQFH .11 DOJRULWKP KDV EHHQ XVHG WR
GHPRQVWUDWH WKH HIIHFWLYHQHVV RI WKH SURSRVHG WHFKQLTXH 7ZR
VHSDUDWH PRGHOV ZHUH GHYHORSHG DQG HYDOXDWHG EDVHG RQ WKH
RULJLQDO 3' IHDWXUHV DQG WKH VHOHFWHG IHDWXUHV 7KH SURSRVHG
WHFKQLTXH EDVHG RQ &)6 VKRZV D FRQVLGHUDEOH UHGXFWLRQ LQ
FRPSXWDWLRQ FRVW ZKLOH RIIHULQJ D EHWWHU DFFXUDF\ SHUIRUPDQFH
([SHULPHQWDOUHVXOWVLQGLFDWHWKDWWKHSURSRVHGPHWKRGSURYLGHVD
VLJQLILFDQW LPSURYHPHQW ZLWK WKH PHDQ HUURU UHGXFHG E\ 
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